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Abstract

This paper presents a single-feed dual-band circularly
polarized composite cavity-backed four-arm curl antenna.
A pair of vacant-quarter printed rings is utilized in the
feeding structure to produce good impedance matching
and circular polarization (CP). A cavity-backed reflector is
employed to improve the CP radiation characteristics,
such as 3-dB axial ratio beamwidth and broadside gain.
Dual-band operation is obtained with different arm
lengths in the four-arm curl structure. The proposed
antenna can be very useful in dual-band applications with
a small frequency ratio.

Keywords—Curl antenna; dual-band operation; vacant-
quarter printed ring; global positioning system
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Spiral Antenna: Prof. Nakano



Archimedean Spiral Antenna

 Their primary radiating elements can be single-, two-, or four-
arm configurations with a large number of turns.

 Archimedean spiral antennas are belong to the class of
traveling-wave wideband antennas radiating a circularly
polarized wave with a wide axial ratio beamwidth.

Single-arm Two-arm Four-arm

 In practice, four-arm spiral antennas are superior in
performance to their single- and two-arm counterparts.



Archimedean Spiral Antenna

 Four-arm configuration generally
requires a feed that has four
output lines with equal amplitudes
and a sequentially rotated phase.
It usually contains a 1-to-4 power
divider or combiner.

 Input impedance is usually high.
Approximately 190-Ω for a self-
complementary spiral antenna in
free space

 Need an impedance transformer in
the feed for matching with a 50-Ω
coaxial cable.

Four-arm Archimedean 
spiral antenna

One of the main design challenges of a four-arm spiral antenna
is the design of a simple feeding structure.



Single-Arm Curl Antenna

 Single-arm short Archimedean
spiral or curl antenna with a small
number of turn.

 Simple structure and can produce
circularly polarized radiation with
a single-feed.

 Axial ratio bandwidth ~ 10%.

 Require a large ground plane.

 Operate only on a single-band.

 Radiation patterns are not very
symmetric due to the single-arm
configuration.

Curl Antenna, Prof. Nakano et. al, 
IEE Proc. Micow. AP, 1997. 

Curl Antenna, Prof. Nakano et. al, 
IEEE TAP, 2011. 

To improve the performance of a conventional curl antenna, we
proposed a single feed dual-band four-arm curl antenna.
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2.85-GHz

AR < 3-dB

RO4003: εr = 3.38, d = 0.508 mm

 Starting radius: R0 = 9 mm
 Ending radius: Rc = 25 mm
 Number of turns: n = 1
 Stripline width: Ws = 3 mm

Two-Arm Curl Antenna

ANSYS HFSS 
modeling



 Starting point: R0 = 9 mm
 Ending radius: Rc = 25 mm
 Number of turns: n = 1
 Stripline width: Ws = 3 mm

arm #2
arm #1

arm #4arm #3

(-)
(-) (+)

(+)

Port-1

Port-2

The input impedance of the antenna depends on the number
of turns, the spacing between turns, and the width of arm, as
well as the dielectric substrate.

Four-Arm Curl Antenna

HFSS modeling

RO4003: εr = 3.38, d = 0.508 mm

A four-arm curl antenna is created by inserting two other
arms on the other side of the substrate.



Comparison of Curl Antenna
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The antenna should be excited
with equal amplitudes and a
90o phase difference to produce
a circularly polarized wave.



Four-Arm Curl Antenna

Sequentially rotated feed
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Rsub=35 mm

Vacant-quarter printed ring

To achieve the condition for a
good CP radiation and impedance
matching, a pair of vacant-
quarter printed rings was used to
feed the four-arm curl antenna.

|S11| BW: 1.50–1.72 GHz 
AR BW: 1.54–1.60 GHz
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Gain: 7.4 dBic
Radiation efficiency: 92%

Impedance BW: 1.515–1.640 GHz
AR BW: 1.555–1.590 GHz90 × 90 × 25 mm3

Curl radiator

Hc Air-gap

Metallic Cavity

SMA

H

Antenna on Cavity Reflector



Asymmetric Curl Antenna
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Asymmetric Curl Antenna

Vary number of turn (nt)

Fix (nb = 1)

Curl antenna with actual feed structure



Asymmetric Curl Antenna

1.4-GHz
6.9 dBic, 93%90 x 90 x 25 mm3

1.8-GHz
7.5 dBic, 99%

Top side Bottom side

n1=1.17

n4 = 1n3 = 1

n2=1.17

|S11| BW: 1.36–1.41 GHz, 1.72–1.85 GHz
AR BW: 1.39–1.41 GHz, 1.78–1.83 GHz

Optimized antenna for dual band operation



Dual-band GPS Antenna

Top side Bottom side

n1=1.198

n4=1.035
n3=1.044

n2=1.185

90 x 90 x 30 mm3

GPS-L2
6.7 dBic, 91%

GPS-L1
6.9 dBic, 97%

|S11| BW: 1.220–1.235 GHz, 1.510–1.600 GHz
AR BW: 1.222–1.232 GHz, 1.560–1.600 GHz

Optimized antenna for GPS L1 and L2



Dual-band GPS Antenna
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Dual-band GPS Antenna

GPS-L1
7.0 dBic, 95%

-20

-10

0

10

-30

-20

-10

0

10

270

300

330
0

30

60

90

120

150210

240

(dBic)

y-z plane

RHCP (sim.)
RHCP (mea.)

LHCP (mea.)
LHCP (sim.)

GPS-L2
6.0 dBic, 87%



Conclusions

 We have presented the design of compact low-profile
four-arm curl antennas.

 Dual-band operation was achieved by creating an
asymmetric arm structure.

 Good circularly polarized radiation with high gain, wide
beamwidth, high front-to-back ratio, and high radiation
efficiency is obtained.

 The proposed antenna can be very useful in dual-band
applications with a small frequency ratio such as GPS.
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